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® Metal foam heat dissipator. 



@ A porous metallic foam (32) is used in combina- 
tion with a heat spreader (31) as a heat 
sink/dissipator for semiconductor devices (30). 
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FIELD OF THE INVENTION 

This invention relates to semiconductor de- 
vices, and more particularly to a metallic foam 
heat, disslpator for semiconductor devices. 

BACKGROUND OF THE INVENTION 

Traditional methods of heat dissipation for 
semiconductor devices and integrated circuits has 
Included the use of pin fin or stacked plate heat 
dissipators on the package backside. Stacked plate 
and pin dissipators, while effective, require more 
bulk for heat dissipation than equivalent foam dis- 
sipators. The performance of these dissipators de- 
pends on the surface area and the thermal con- 
ductivity of the device and the heat dissipators as 
well as the ambient temperature and air flow rate 
around the device. 

BRIEF SUMMARY OF THE INVENTION 

The invention is to a semiconductor device 
utilizing a metallic foam as a heat disslpator. The 
heat transfer characteristics depends upon the ef- 
fective dissipation area of the foam. The dissipation 
area of the foam is dependent upon the number of 
pores per square inch of the foam. A foam dis- 
slpator of 20 pores per inch provides adequate 
surface area and permits sufficient air flow though 
the disslpator for most devices. 

The metallic foam is secured to a heat spread- 
er attached to the semiconductor device with a 
thermal transmissive adhesive. 

The technical advance represented by the in- 
vention as well as the objects thereof will become 
apparent from the following description of a pre- 
ferred embodiment of the invention when consid- 
ered in conjunction with the accompanying draw- 
ings, and the novel features set forth in the appen- 
ded claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 illustrates a prior art pin fin heat sink; 
FIGURE 2 illustrates a prior art stacked plated 
heat sink; 

FIGURE 3 illustrates a metallic foam heat sink; 
and 

FIGURE 4 is a table showing the effective De- 
gree per C/watt vs air flow for a metallic foam 
heat sink and a plate heat sink. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

Figure 1 illustrates a pin fin heat sink. A semi- 
conductor device 1 0 has a heat spreader plated 1 1 
attached to its top surface. The pin fin heat sink 12 



has a plurality of fins 13 extending vertically up 
form the main body 1 2 of the heat disslpator. 

Figure 2 illustrates a stacked plate heat dis- 
slpator. Semiconductor 20 has a heat spreader 

5 plate 21 secured to the top surface of the device. 
The stacked plated disslpator 22 has a plurality of 
stacked plates 23 and 24. Plates 24 are smaller 
plates than plates 23. This provides a greater area 
for heat dissipation. 

70 Figure 3 Is an embodiment of the Invention in 

which a metallic foam is used as the heat dis- 
slpator. Metal foam is available commercially from 
several sources. A semiconductor device 30 has a 
heat spreader 31 attached to its top surface. Heat 

75 spreader 31 may be, for example, a aluminum or 
copper plate on top of the heat spreader is a 
metallic foam heat disslpator 32. Foam disslpator 
32 has a large number of pores in the surface and 
extending into the body of the disslpator. The foam 

20 disslpator resembles a sponge In which the pores 
extend through out the body of the foam disslpator. 
The pores In the surface and interior of the dis- 
slpator provides an extremely high surface area per 
unit volume of the metallic foam. 

25 In one example the heat spreader 31 was alu- 

minum of about 50 mill thickness, and the foam 
was about 250 mills thick. 

Figure 4 is a table showing a comparison of a 
plate heat sink and the metallic foam heat sink. The 

30 foam heat sink was 1.8" square by .30" high. The 
plate was 2" square by .32" high. Varying amounts 
of air was flowed across the heat sink using side- 
ways air flow. Measurements were taken with 0, 
100, 300 and 500 feet per minute of air flow. 

OS Metallic foam heat sinks were used with 1 0. 20 and 
40 pores per inch. The measured number repre- 
sents degrees centigrade per watt of dissipation of 
the device. 

For example, a 4 watt device, using a plate 
40 heat sink/dissipator was 9.9 x 4 39.6 degrees 
Centigrade above the ambient temperature. For a 
20 PPI foam disslpator. the device was at 8.7 x 4 
= 34.8 degrees Centigrade above ambient tem- 
perature. This was for no air flow across the de- 
45 vices. With an air flow of 300 FPM, the device 
using the plate disslpator was at 14.4 degrees 
Centigrade above the ambient temperature. The 
device using the metallic foam disslpator was 10.4 
degrees Centigrade above the ambient tempera- 
50 ture. This is an improvement of 4 degrees centi- 
grade through the use of the metallic foam dis- 
slpator. 

Claims 

55 

1. A heat disslpator for a semiconductor device, 
comprising a heat spreader attached to a sur- 
face of the semiconductor device, and a metal- 
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lie foam attached to the heat spreader. 

2. The heat dissipator according to claim 1. 
wherein said metallic foam is a thermally con- 
ductive metal. 5 

3. The heat dissipator according to claim 1 or 
claim 2, wherein said heat spreader is a ther- 
mally conductive metal. 

TO 

4. The heat dissipator according to any preceding 
claim, wherein said metallic foam is attached 
to said heat spreader with a thermal conduc- 
tive adhesive. 

5. The heat dissipator according to any of claims 
1 to 3, wherein said metallic foam is brazed to 
said heat spreader. 

6. The heat dissipator according to any preceding 20 
claim, wherein said metallic foam has a poros- 
ity in the range from 5 to 50 pores per inch. 

7. The heat dissipator according to any preceding 
claim, wherein the metallic foam comprises a 25 
porous aluminium foam. 
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FIGURE 1 
PRIOR ART 



FIGURE 2 
PRIOR ART 
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